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Abstract. Exclusive measurements of the two-pion production channel pp — > ppn + n~ have been carried 
out near threshold at CELSIUS with the PROMICE/WASA detector. They reveal pp -> pp*(1440) -> 

> 

ppa — * pp(n + n )i = t =0 as the dominant process at these energies, however, the data exhibit also significant 

o 

contributions from p*(1440) — ► An — » p(7r + 7r _ )j-=f = o. From the observed interference of these routes their 
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Op ■ PACS. 13.75.-n hadron induced low- and intermediate-energy reactions - 14.20.Gk baryon resonances 

with S=0 - 25.40.Ve nucleon-induced reactions above meson production thresholds 



relative branching ratio is derived. 



1 Introduction 4(1232). In all these aspects the decay modes of the Roper 

into the Nrnr channels play a crucial role. There the sim- 



X 

d ' In contrast to the 4(1232) and other higher-lying reso 



nances the second excited state of the nucleon, the Roper 
resonance AT* (1440) is still poorly understood both the- 
oretically and experimentally |Q. Being hardly observed 
in electromagnetic processes and having quantum num- 
bers identical to those of the nucleon, the iV*(1440) has 
been interpreted as the breathing mode monopole excita- 
tion of the nucleon. Recent theoretical works |^,|3| find the 
Roper excitation to rest solely on meson-nucleon dynam- 
ics, whereas another recent investigation Q proposes it to 
be actually two resonances with one being the breathing Calculations of the Valencia group J5j predict the pp — > 
mode and the other one a A excitation built on top of the ppir + Tr~ reaction at energies not far above threshold to 



plest decay is N* — > N(tttt)j = i = o :— Na, i.e., the decay 
into the a channel. A competitive and according to present 
knowledge |jj actually much stronger decay channel is the 
Roper decay into the 4(1232) resonance N* — > Air. How- 
ever, this decay channel is not very well defined, since the 
A is not stable and decays nearly as fast as the Roper does. 
In fact, most of this decay will end up again in the Na 
channel and thus will interfere with the direct A^* — > No- 
decay. 
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proceed dominantly via a exchange in the initial NN col- the process N* — > Na and the second term for the de- 
lision with successive excitation of the Roper resonance cay route N* — > An — > A^ct, where ki and k 2 are the 
in one of the nucleons. Our first exclusive measurements pion momenta. The mixing coefficent c of the two de- 
of this reaction at T p — 750 MeV support very much cay routes may be directly read off the data for M 7r + ff - 
this conception. This finding suggests pp — > ppnn to be and a(d 7T + n - ), where = (ki,k2) is the open- 

unique in the sense that it selectively provides the exci- ing angle between the two pions, see Fig. 1. The lat- 
tation mode "cr" N — > N* (where "<r" stands now for the ter distribution directly reflects the squared decay am- 
ir exchange), which is not accessible in any other basic plitude (1) averaged over all possible pion momenta at 
reaction process leading to the Roper excitation. given 5^+^-, i.e., a(5 7T +^ T -) ~ (1 + a cos6„+ v - ) 2 with 

a = c < ^1^2(31?^++ + D A o) >, where the brackets de- 
2 Data and Analysis note the average over all possible combinations. For a <C 1 

the distribution o"(<5 7r + 7r - ) is essentially linear in a, as ex- 



In Fig. 1 we present a selection of the 750 MeV data || 
together with new data at T p = 775 MeV, again taken 
with the PROMICE/WASA detector setup at CELSIUS. 
For experimental details see To see whether the 

reaction indeed proceeds via N* excitation, we inspect 
the measured distribution of the invariant mass M p7T + n -. 



hibited by the data (Fig. 1, bottom). 

In order to illustrate the sensitivity of the data to the 
mixing of both routes we show calculations for pure phase 
space, pure transitions N* — > Na and N* — > An — » Na as 
well as mixed scenarios corresponding to a = —0.20, —0.25 
and —0.33. The negative sign reflects the destructive in- 
terference between both routes required by the data. 



At both energies the data are substantially enhanced to- 
wards the high-energy end compared to pure phase space 
(shaded areas in Fig. 1) and compatible with the low- 
energetic tail of the N* excitation as reproduced by the 
appropriate MC simulations. In these simulations the am- 
plitude for the N* decay is written as and thus also the ratio R ( M *™) of thc P artial deca y 



3 Results 

From a fit to the data the coefficient c can be determined 



A - 1 + cki • k 2 (3D A++ + D A o) (1) 



widths for the routes N* — » An — > Nnn and N* — » Na 
in dependence of the average Nnn mass populated in the 
which in the full reaction amplitudes complements the reaction. For T p = 750 MeV we have < Mjv W7r >= 1264 



propagators for a exchange and N* excitation as well as MeV and for T p = 775 MeV < M^tt >= 1272 MeV. 

the expression describing the final state interaction be- Having determined c from the data we obtain i?(1264) = 

tween the outgoing protons in relative s-wave. D A ++ and 0.040(4) and i?(1272) = 0.060(6). This result just reflects 

D A o are the A propagators, the constant 1 stands for the fact, that in this very low-energetic tail of the Roper 
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Fig. 1. Influence of the Roper resonance decay onto the dif- 
ferential cross sections for the invariant masses M p7r + 7Y - and 



AC 



as well as for the opening angle S^ +7r - between both 



pions in the reaction pp — > ppn + Tv~ at T p — 750 MeV (left) 
and T p = 775 MeV (right). Pure phase space calculations are 
shown by the shaded area, dotted lines show the case of a pure 
iV* — > Na decay, whereas the dash-dotted lines exhibit the 
scenario for a pure N* — > An — > N(-k + tv~)i = i = o decay. Solid 
and dashed curves finally show calculations assuming interfer- 
ence from both decay routes with a — —0.20, —0.25 and —0.33 



the N* — » Na decay is by far the dominant route. How- 
ever, due to its ki ■ k-i dependence the N* — > Art route is 
rapidly growing, and finally will take over at higher ener- 
gies. If we assume ansatz (I) to be valid also at higher ener- 



gies with c being energy independent, then we may extrap- 
olate to the nominal Breit-Wigner resonance pole. The re- 
sulting value, i?(1440) = 3.9(3), compares very favorably 
with the PDG value of 4(2). Statistically our value is much 
more precise, however, it is still an extrapolation and de- 
pends on the validity of ansatz (1) also at higher energies 
and hence can not be considered model-independent. How- 
ever, as we have demonstrated, the pp — -> ppTr + Tt~ reaction 
offers the possibility to determine experimentally this ra- 
tio at the pole with good precision by measurements at 
appropriate higher energies. This reaction, moreover, pro- 
vides a tool to map out the energy dependence of the 
N* — > Nirir decay by successive increase of the incident 
proton energy — a program which is currently pursued at 
CELSIUS- WASA and COSY-TOF. 
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